We report the high-rate and low-temperature growth of vertically aligned carbon nanotubes (CNTs) by a photo-thermal chemical vapour deposition (PTCVD) method using a Ti/Fe bi-layer film as the catalyst. The growth temperature is as low as 370 °C and the growth rate is up to 1.3 μm/min, at least 8 times faster than the reported values by traditional thermal CVD methods. Transmission electron microscopy observations reveal that as-grown CNTs are uniformly made of crystalline 5 − 6 graphene shells with an approximately 10 nm outer diameter and a 5 − 6 nm inner diameter. The low-temperature rapid growth of CNTs is strongly related with the unique top-down heating mode of PTCVD and the formation of Ti/Fe bimetallic solid solution. The present study will advance the deployment of CNTs as interconnects in nanoelectronics, through a CMOS-compatible low-temperature deposition method.
400°C, which is a challenge for growing high-quality CNTs by chemical vapour deposition (CVD), even though CVD has been proved to be a location-selective and orientation-controllable growth method at bulk scale. The main reason is that catalysts can not be restructured and activated, and reactive species can not be dissociated and reacted with catalysts at such low temperatures. To date, three routes have been attempted to lower the CNT growth temperature: 1. using various carbon feedstocks with lower dissociation temperature and high reaction activity with catalysts; 4 2.
exploring a wide range of catalysts, such as bimetallic nanoparticles and oxide with low melting point; 1, 5, 6, 3 . introducing plasma during deposition with the scope of increasing the dissociation and ionization of feeding gases and at the same time decreasing the activation energy of the CNT growth. 7 However, plasma based methods inevitably introduce structural defects in CNTs due to ion bombardment, leading to the formation of low-quality carbon nanofibers. 8 , 9 Meanwhile, due to plasma poisoning of catalysts and etching of CNTs plasma methods do not favor the growth of both high-quality single-wall CNTs and ultralong multi-wall CNTs, 10 which theoretically have a conductivity higher than copper or single-wall CNT bundles. 11 Traditional thermal CVD methods are still good candidates for the lowtemperature growth of CNTs by using a gas preheating or a catalyst pretreatment etc. 12, 13 However, the present growth rate of CNTs by thermal CVD is quite low and insufficient for the practical application of CNTs. Therefore, it is necessary to develop 2 highly efficient methods to grow high-quality CNTs at low temperature for the integration of CNTs into CMOS devices. Here, we demonstrate the low-temperature rapid growth of vertically aligned CNTs by a novel photo-thermal CVD method using a highly active Ti/Fe alloy catalyst. The structure of as-grown CNTs is studied by using scanning electron microscopy (SEM), transmission electron microscopy (TEM)
and Raman scattering. The rapid growth mechanism of CNTs is discussed briefly. Figure 1 shows a schematic diagram of the photo-thermal CVD system. 14 frequency plasma CVD at the substrate temperature of 500 °C, 18 and less than that (I D /I G = 2.1 -2.6) of CNTs grown by thermal CVD at the substrate temperature of 400 − 550 °C. 25 This shows that the CNTs grown by PTCVD are of high quality with some structural defects. 6 It is interesting to explore the fast growth mechanism of CNTs at low temperature by PTCVD. Like hot filament CVD, 26 15
